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Nishtimagingsyatcmsbasedon~~~~~(I*)hrbesateamajorfactorinthtnishtopetatioll 
capability of U.S. Army rotary-wing aircraft. A major problem asso&ted with the use of these systems is the 
detrimentaleffectamsedbyinternalcockpit~ Instrumentlamps&autionlamps&ityligh&andotherlight 
sourcesinsidcthccoclqpitactivattthcbrightsourceprdectioncontrolcircuitsofthcintensificationtabts,thcrtby 
reducing their sen&ivity to external natural and artificial illumination. In 1986, a T&Service spec&a&~ MILL 
ti,6&” . . . . . . . . . . . 

“wasadoptedtoresolvethewckpit 
ligh@~nandtechniquesrequiredtocertifyl@htjng 
components as “ANVIS compatiile.” The sptdfication does not address compatWity problems associated with 
ANfPVS-5 usage. Ongoing efforts related to MILL-&5762 include characterization of lighting incompatibitizits in 
current U.S. Army aircraft, implementation of programstomodiQthelightinginincompatiblecockp&and 
cert&a&nofproposedligMngcomponentsforfutureaircraftsyst~ Additionalworkhasbeendonetoprovide 
“near compatibW solutions to Kghting problems asso&ed with the use of AN/PVS-5 systems. 

US.ArmyaviationhasadoctrineofbcingaMetocarryoutmissionsin~~andadvtrscweatherccwditions. 
To support this do&&e, night vision imaging systems have been introduced into the cockpit. As early as 1971, 
modified versions of a ground used -em, theAN/PVS-5 Night Vion Goggles (NVG), were in use in U.S. Army 
aircraft. These first systems wcrc a binocular mounting of second generation image intensification (I*) tubes. 
Currently a new system, the Aviator’s Night Vi Imaging System (ANVIS), is being fielded (Fii 1). 

The ANVIS are passive, helmet-mounted, binoc&u devices that utilize third generation I* tubes. These tubes, 
which have a spectral response from 450 to 930 nanometers (mn), are extremely sensit& to radiation in the 600 to 
900 nm portion of the eicctnnnagnetic spectrum (orange to near infrared). ANVB operate by converting photons from 
an external scene into electrons using a Gallium-Arsen& photocathode, amplifying these electrons with a 
microchanael platt, and converting them back into visible light as they impinge upon a phosphor screea 

&causcANVISamplifythciottnsityoflightso~~approximately2000tknts,brishtlightscmittineencrgyia 
thatportionofthe~~spcdntmiawhichtheANvIsarcscnsitiveproduccsmreveitinggzarCthatcan 
obscure the overall image.l To prevent this, and to protect the image intensitier assembly from ptrmaacnt phosphor 
bums, ANVIS are equipped with a bright source protection (BSP) circuit, which operates as an automatic gain control. 
The BSP circuit d- the se&.ivity of the image intensitler tubes when they are exposed to bright lights 
emitting energy in the ANVIS-sensitive portion of the electromagnetic spectrum. 

A more subtle problem develops when the ANVIS are exposed to light sources located inside the cockpit. 
Whenever these sources emit energy in the ANVIS-sensitive region, the ANVIS BSP is activatd reducing ANVIS 
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.mponsetoeneqycmlgb+gfromtheextemal~ ThenetresultisareducedcapabUytoviewoutsidethe . 
cockp&rrcalltoftul-bytheaviator. 

An analogous problem has and does exist for the AN/PVS-5s. When first introduced, the AN/PVS-5s required 
theinteriarcockpitlightkgleveltobeBrtatlgrtduced Numerousmethods,it,low-wfkctanceblackpaint,light 
lamnrg ti low inter&y lamm etc, have been attempted to provide “compatib~ co&pita2 Only limited 
succcsswasadievedusixganyoftheaemethodk 

Theref~whentheANVISweredesig&thisproblemwasamajorco&katk Onesoltionwastocoat 
thcinteriorslufaceoftbe~lePseskrtheAMrISwithadiclcctricfilm(caltcda”minus-blueEiltcr”)that 1 

wouldrcjectmwndu&slcssthan62Snm. ThisdesignwasplannedtomaketheANVIScompatiilewithco&pits 
havingMuGgrecnaw&atkmlight& H~,programrtocanvwtcumntairoafttoblue-greenliohtinPhaYcnot * 
been fully implemented due to tech&al and bw&taiy co&r&Its. 

In~,aftcrycatad~~~~withthcAN/PVSJandthcpotcntialANMSproblems,aJoint 
Aero~~M&mmandersTri-ServiceComm&ewasestabM& ItsgoalwastodevelopamUaryspe&&onfor 
elBingfutureANwscompatibBy. TheresultwasMILL-8s762/~ 
u: ThisSpeci&catiandefinesacceptablcparametersforcompatible~~ponenf& Italso 
detailsiastrumentatkmandmekdokgyrequirementsforvalhMngthesecomponents, 

This~gPCCifiiCafiOIImUStbta~to~modesandtypesofiateriorairaaft ’ 
v 

from compomnts to 

W-A-f ooatribptcrtoanyoviromnentwbenthirdgcnuatioonI2tubesaretobcIlsed. It* 
cPz ttshog, and wptance requirements for the purpose of ensuring standardized aircraft ANVIS 

. 

The instrumentation requkd to verify ANVIS compatiiity consists of a spe&oradiometer, a photometer, and a 
refktancestandard, TheinstrumentationmustmeetcertainspecifkationsforacauacyandsenGtMy. Forthe 
spectroradiometer these specifications indude radiance sensitivity and accuracy, wavelength accuraq and repeatab@, 
current resdution, zero drift, linear@, and stray light. 

The spectroradiometer is used to make spectral radkuxe and chromaticity measurements. As a complete system, 
the spectroradiometcx must provide the capability to measure the radiance levels at a half-power band width of 10 ILIII 
and a signal to root-mean-square noise ratio of 10 to 1. These levels are: l.OE-10 W/cm2-sr-nm over 3UMtXl mu, 
1.0~11 W/cm2-sr-nm over 600-900 nm, and l.OE-10 W/an2-sr-nm over !MO-930 nm. A sen&ivity ca&atkm must be 
performed within 6 months prior to taking a measurement. A wavelength accuracy of 1 nm is required, 

The procedures for quali&ng a lightins subsystem in accordance with MILLS!5762 include, but are not limited to, 
lllddCgCillS~crnminntirmWithANVfS,hPmancnginceringinspection,luminancc unif~chedt,re&ection 

. . 
~ele&r~interferencetes@andl~ chromaticity, and spectral radiance rn- An 
aircrewstationmockupcanberequiredformostoftiwtcsts. However,thespe&ralradiance,luminaw,and 
chromati&ymB wusuanymadcina~~seUing(usuallywithascaltddownmockupinstnrmtnt . 

pantl)D 

Spedralradiarrcodataarcmeasuredin5nm~~~thespcdralrangeof380to930nm.Mtasurcm~ * 
aretakenwiththeligMngcomponentluminanw setbytherateddriveconditionoratl5.0footlambe~whkhew 
isless. Aluminanct scaling tit&r (S) is a&u&ted using the ratio of the specified test hurkance (cited in MILL 
85162) to the actual measured test huninance. For most lighting subsystems, the specifkd test luminance is 0.1 
footlamberts. 
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J 
930 

ANVIS radlaaa - sG(X),, WY’JOr)d A 
450 

- 1) 

scaling factor 

lmA/w 
spectml radkcc of lightiq axnponent (w/cm2-sr-nm) 
r&tivcANvIsrcqMmse 
snm 

ThemaximumallowcdANVISradianccvaIueformostl@tingsubsystems,whencakuMed usise~&is 
L7ElO. ThiavalutisdaivcdfromtheapplicationoaEqurrtionltoastledcd~~tobe~ 
donifirnntand~ lowvisibBy,thatofadefoliatedtrecilluminatedbystarl.ight.4 

The luminance measurement may be made using the spectroradiometer or a photometer meeting the required 
spec&&ma WhcnusingthespMroradiom&er,thehuninanais&ulatedasfollows: 

J 
780 

L= ~=wuu WW( A)d )r 380 (Equation 2) 

lllmklce (footlamberts) 
normalized visual efficiency curve for 1931 CIE standard observer 
683 lumens/watt 
spec&al radiance of light+ component (W/cm2-sr-nm) 
5mn 

(U’- Ul')2 + (v’ - VI’)~ * P (r)2, 

where uf = 0.088 and vl’ - 0543 define the anter, and r = 0.037 defines the radius of the circle (Fii 2). 

Three different projects Aating to testing and evaluation for ANVIS light@ compatibility currently are in 
pqrcss. Two of the pr+cts, involving panel lamps and supplemental pilot light+ aids, require strict compliana 
WithMIL-L-85762. Thethirdprojec&invowgANvIscQm~finnhlinhtfiltM,fallsintoanareawhichcumntly 
is not addrased in the spccX&on. Representative components are shown in Fwe 3. 
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~panalamp~~dcsiePshavbbetncvalurtad~foundtomtetthcMILL8S162 ’ A 
typialspe&rairadkcccurvcrepwe&gthelampasscmbliestestedisprovidcdinPigure4. These?zEzz$zm 
bytheANwSrespollsccurveareshownillF3gure5. ThcavcrageANwSradkcevahleoftheselampassc&ksis 
LlE10, mectiugthe requkementofamaximumaHowabkvalueof1.7E10. Thechromaticitycoordinatesarealso 
withiuspe&ktk 

various lamp assemblies tested and found to meet MILL-S5762 

awiderangeofhm&ncevrk#sBwagivcnoperat@v0kage. ShcenumcrousinstnrmenEsoffenopcmtefraana 
~mayresultintheiuab%tytobalancethelumm&nce 

One result of the various lighthg mm implemented to achieve ANVIS cockpit compatibiEty is a 
re&&mintheovcraUlevelofillmuktioninthecockpii Thishascreatedtheneedforsupplementallighting 
* referred to as pilot Eghting aids (PLAs). These devices will give crewmembers the capability to selectiveiy 
&mmatecedtaini&rume&orreccasedareasoftheairaaft. 

In addition to meeting the radiance and chromaticity specifications of MIIA&762, these lighting aids must 
satisfy certain other requirements, While most of these additional rquirements involve health hazard and human 
~~i9rmts,thcreiroacwbichfurtberconstftinsthecharacteristicsofthea~~sourcc. TGscon&akt 
isthat%pcrcentofthcsourcc’sencrgyoPtputmpdbtconfintdwithinthespcdralrangeof400_600nm. 

None of the PLA designs s&m&d for e&&on met all of the stated rquirements. Reprcaen&ve spe&al 
radianceand”ANvIs~~cumsare~d~inF~6and7,rtspcctivcly AUofthesamplestcatedf&d 
to meet the ML-M62 rquirem for ANVIS radiance (typical measured value of 2.SE-09) and &omaGty. In 
addition, alI of the de&gas suffered kom inadquate human factors engineer@ mostly assockted with the kation 
and operation of the switti 

Animportanttadrf~thea~~,bothpric#toandduringflight,isnavigation. Thisfunctionrequiresthe ’ 
reading of color-coded maps. It has been determined a need exists to develop fkhiight filters, compatible with 
current U.S. Army fkhKgh& which will provide this capability, but not severely degrade ANVIS operation. 

M&IA!5762 does not cover the compatibiKty requirements for such filters. In addition, the nature of the 
functionoftheflarhPlrhtandfilter,ie,mapreadinanccessitatesspecialrquirementswhichconflictwith~of 
the lightbg camponents addressed in the miEtary won. The Naval Air Development Center, Warminster, 
Pennsyhwda, in coordination with various U.S. Army agencies, has developed a set of proposed requirements for these 
filters. The requirements specify allowable values for ANVIS radiance, chromaticity, and photopic transm&ance. 

The spectral &awn&an- of a propowd ANVIS compatible khlight filter is measured using the quipment 
and techniques defined in the MIMA5762. This w function then is mathematically multiplied by a 2100 
degrees Kehk black body curve. The result& data are ana@cd for chromaticity, ANVIS radiance (when scaled to 
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The operational performance of the US. Army’s Aviator’s Nit Vkion Imaging System (ANVIS) is w by 
certaininstrumentlamp6andotherlightsourcesuscdwithinthecockpit. Usingam%taryspe&cationdev&pedt0 
ensure ANVIS lightiq compatibility (MILL-85762), proposed replacement &rument lamps and an array of 
supplemental pilot lightiq aids have been evahmted for their compatibility with ANT/K 

The authors wish to thank Mr. John W. Parker III, Ms. Laurie Bryner, and Mr. Charles Halsted of the Naval Air 
Development Center, Warmins&, PA, for theii tech&al a&stance and guidance in the understanding and application 
of MJL--62. 

Spedal note This paper addretws lighting compatibiiissues associated with US. Army use of the Aviator’s Night 
Vihion Iuqing System (ANVIS), which uses a 625 MI cutoff filter. Lighting components and subsystems intended for 
usewithANvISare~cdas*classA”compoaentsaads~~ems. Analtematecksiktkisusedfor 
components and s&y&ems intended for Night @ion Imaging Systems using a 665 nm cutoff filter. This 
classi6cation is addreswd in a revised version of the milky specification (MILL-85762A). 

Dk&imer The views, opinions, and/or findings contained in this paper are those of the authors and should not be 
~~~~anoffi~DcpercmcntofthcAnny~tionunltgssod~~byotheroffi~Qaunentation. 
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Figure 1. The Aviator’s Night Vision Imaging System (ANVIS). 
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Figure 2. 1976 Uniform Color ScaIe diagram showing akwable 
color circle for ANVIS Green A lighting components. 
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Figure 3. Samples of (a) panel lamps, (b) pilot lighting aids, and (c) flashlight filters under test for MIL-L- 
85762 compatibility. 
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Figure 4. Spectral radiance curve for representative MILL85762 compatible lamp. 
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figure 6. Spectral radiance c&c for representative pilot lighting aid (PM).- 
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Fie 8. Spectral transmittance curve for a flashlight filter meet& the ANVIS radiance requirement. 
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